Crosstalk of osteoblast and osteoclast precursors on mineralized collagen--towards an in vitro model for bone remodeling.
Bone remodeling and, therefore, integration of implant materials require the coordinated regulation of osteoblast and osteoclast activity. This is why the in vitro evaluation of biomaterials for bone regeneration should involve not only the analysis of osteoblast differentiation but also the formation and differentiation of osteoclasts. In the present study, we applied a material made of mineralized collagen I that mimics extracellular bone matrix to establish a culture system, which allows the cocultivation of human monocytes and human mesenchymal stem cells (hMSCs), which were differentiated into osteoclast-like cells and osteoblasts, respectively. Both cell types were cultivated on membrane-like structures from mineralized collagen. Transwell inserts were used to spatially separate the cell types but allowed exchange of soluble factors. The osteoclastogenesis and osteogenic differentiation were evaluated by analysis of gene expression, determination of alkaline phosphatase (ALP), and tartrate-resistant acidic phosphatase (TRAP) activity. Furthermore, cell morphology was studied using scanning electron and transmission electron microscopy. Osteogenically induced hMSC showed an increased specific ALP activity as well as increased gene expression of gene coding for alkaline phosphatase (ALPL), when cocultivated with differentiating osteoclasts. Adipogenic differentiation of hMSCs was suppressed by the presence of osteoclasts as indicated by a major decrease in adipocyte cell number and a decrease in gene expression of adipogenic markers. The formation of multinucleated osteoclasts seems to be decreased in the presence of osteogenically induced hMSC as indicated by electron microscopic evaluation and determination of TRAP activity. However, gene expression of osteoclast markers was not decreased in coculture with osteogenically induced hMSC.